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SUMIARY

Tests were conducted to investigate the effect of valve clear-
ance on valve-~lift diagrams, knock-limited performance, and ensine
cooling. Static and running valve-lift diagrams for a single front-
row cylinder mounted on a CUE crankcase were compared with static
valve-1ift diagrams for the multicylinder engine. Knock-limited
and cooling performance of the single-cylinder engine with several
cold valve clearances was compared with that of the multicylinder
engine as determined in flight. The effect of valve clearances on
cylinder temperatures and fuel consumoition was investigated in
cooling tests at constant power and constant fuel-air ratio.

The results of the investigzations indicated that the knoci—
limited and cooling performance of the single-cvlinder engine and
the multicylinder engine matched when valve clearances for the
single~cylinder ergine gave running valve-1lift diagrams similar to
static valve-lift diagrams for the multicylinder engine. Xnock—
iimited charge-air flow of the singie-cylinder engine was lowered
as much as 26 percent by changing the valve clearances. In cooling
tests at constant power and constant fuel-air ratio the same change
in valve clearances that lowered the knoclk-limited charge-air flow
reduced the indicated specific fuel coasumption but did not change
the cylinder temmeratures.

INTRODUCTION

At the request of the Army Air TForces, Air Technical Service
Command, the NACA is conducting an investigation at the Cleveland
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laboratory to evaluate high antiknock hydrocarbons as components of
aviation fuel. In this program, tests are being conducted on a
single cylinder of a radial aircraft engine and on the complete
engine on a test stand and in filight,

Prelimirary tests show that vnder presum=2bly the same test
conditions the knock-limited performance of the single~cylinder
engine was considerably higher than that of the multicylinder
engines either in flight or on the test stand. A number of engin
variables were examined to determine the reagons for the high knock
limit with the single~cylinder eagine. Valve clearance was found
to be an important variable. Valve clearance affects performance
chiefly through the valve cpening and closing events. The ovening
of the intake valve and the closing of the exhaust valve are prob—
ably c¢f greatest importance inasmuch as valve overlap affects the
cvlinder scavergling process. Differences in the cam-follower
mechanisms and the thermal ewpansions of the crankcases of the
gsingle-cylinder and multicylinder engines are known to cause dis—
similar valve operating clearanceg.

Tests vwerc conducted during the early part of 1945 on a
sirgle—cylinder engine to determine the effect of valve clearance
on stetic ard running valve-~lift diagrams and on knock—-limited and
cooling performance. Static valve-lift diagrams were also obtained
on a multicylindor engine. TFor comnarison, unpublished tnock-
limited date on the performance of a multicylinder engine in flight
are included.

APPARATUS AxD PROCEDURS

A Pratt & Whitney R-1830-94 front-row cylinder was tested in
a single-cylinder setup, arranged as shown in figures 1 and 2.
Cylinder temperatures weore measured by iron-constantan thermocouples
located &t the rear spark-plug boss, the front sparl-plug boss, the
rear middle barrel, and the rear flange. Mixture temoerature was
indicated by an unshielded iron-constantan thermocouple in the
center of the intake pipe.

The Pratt & Writney R~1830-04 engine uscd in the flight tests
in o B-24D airplenc had thermocouples installed at the same loca-
Yiong on all cylinders as for the single-cylinder engine. OCylinder
and rixture temperaturcs werc determined from an average of the
14 cylinders. The cooling-air pressure droo for the multicylinder

ongine was mocasured by total-pressure tubes in Tront of the cylinder
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and static-pressure tubes behind. For both the single~cylinder
and the multicylinder engines, the cooling-air pressure drop wvas
. multiplied by ¢, the ratio of the air density ahead of the
cylinder to a standard air density of 0.0765 pound per-cubic
foot.

The fuel used in all the tests was 28-R. Xnock was detected
by magnetostriction pickup units, which were installed in the cyl~
inder heads st the same loeation #or both the single~cylinder and
the multicylinder engines.

Static valve-~lift diagrams for the single-cylinder and multi-
cylinder engines were obtained by manually turning the engine over
and measuring valve movement with a dial indicator. Running valve-
lift diagrams were obtained for the single-cylinder engine with an
instrument develoned by the Instrument Division of the WACA at
Cleveland. The valve 1lift as recorded by the instrument was on-—
larged 10 times; the accuracy of the diagrams was estimated to be
+0.002 inch valve 1lift and iO.So crankshaft rotation.

The valve-lift recording instrument onerated as follows:
The valve-lift diagram was produced by sperks jumoing from a
stylus through paver wrapped on a drum rotvated at crankshaft
spoed. The stylus was moved axially along the drum by a screw
driven by an electric motor. This motor was synchronized with
another that moved an electric contact in a pickup unit mounted
over the rocker-box cover. A rod fastened to the valve-spring
washer projected through the rocker-box cover into the pickup
unit. The vortion of the rod in the pickup unit contained a
contact, which registered with the motor-driven contsct twice
during euch engine cycle. These contacts in conjunction with on
electronic circuit produced a single intense spark at the stylus
each time the contacts closed. The synchronized motnrs ware
controlled by limit switches as well as by the operator. A com-—
rlete valve-lift diagram could be obtained in about 20 seconds.

The engine operating conditions held constant in single-
cylinder tests to investigate valve-1lift diagrams, knock-limited
performance, and cylinder cooling arc presented in the following
table:
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~Valve- Knock—- Cylinder
Engine conditions 1ift limited ccoling
diagrams| performance

Engine speed, rpm 2250 2250 2250
Inlet-air pressure, in. Hg absq 36 Varied Varied
Inlet-air temperature (before |

vaporization tank); °F 210 270 210
Fuel-air ratio 0,075 Varied 0.075
fixture temperature, °F 150 Varied Veried
Spark advance, deg. B.T.C. 25 25 25
Exhaust pressure, in. Hg abs. 29.4 29.3 +0.3 29 +0.3

and 15

Cylinder temperature at rear

spark~plug boss, °OF L70 40 or varied | Varied
Cooling~air pressure drop, olp, !

in. water Varied Varied Varied
Compression ratio 6.7 6.7 6.7

The flight knock tests were conduvcted to commare tnock data
obtained with constant cowl-flap setting and constant cylinder
temperatures.

RESULTS AND DISCUSSION

Static valve-lift diacrams. - Static valve-lift diagrams are
presented in figure 3 for the single—cylinder and multicylinder
engines with 0.000-inch valve clecararce and with valve clearancos
that give valve timing close to that soecified by the engine man-
ufacturer. The effect of valve clearance on valve overlap (both
valves at same clearance}, geometric compression ratio, and geo—
metric cxpansion ratio (ratios determined from the piston position
when the intake valve closes and when the exhaust valve opens,
respectively) are shown in figure Y. The data in figure 3 show
that the running valve clearance for the sinzle~cylinder ongine
should be about 0.105 inch in order to simulate the valve timing
spocified for the multicylinder engine.

Running valve-lift diagrams. — When the single—-crlinder en-—
gine is started and brought to operating temperatures, the changes
in valve clearances that occur are probably differcnt from those
of the multicylinder engine. Iven if the valve-clearance changes
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were the same for the single-cylinder and the multicylinder en-
gines, figure Y shows that the valve overlaps, geomctric com-
pression ratios, and geometric expansion ratios would be differ-
ent. Thé foreégoing considerations indicate that running valve-
lift diagrams are neccssary in order to determine the running
valve timing of these engines. REunning valve~1ift diagrams of .
the single-cylinder enginc wore obtained in order %o determine
cold valve clearances that produce running valve timing as
specificd for the multicylinder engine.

A comparison is made in figure 5 of running valve-1ift
diagrams obtained with the single~cylinder engine and static
valve-1lift diagrams with the multicylinder engine (fig. 3) for
valve clearances that give the valve timing as specified by the
engine manufacturer. The diagram for the single~cylinder engine
operating with 0,010-inch cold clearances (specified by the manu-
facturcr) deviates considerably from the static diagram for the
multicylinder engine. The deviations during the opening and
closing of the valves and the high 1lift are sufficient to affect
the scavenging of the cylinder and the engine performance. When
the cold clearances were changed to 0.090 inch for the intale
valve and 0,06C inch for the exhaust valve, the running valve-
lift diagrems obtained agrecd favorably with the static diagrans
for the multicylinder engine.

Effoct of valve clearance on knock-limited porformance. —
Single~cylinder-engine xnock and cooling data, with the valve
clearances for the valve-lift diasrams presented in figure 5,
are compared in figures 6 and 7 with multicylinder-engine flight
knock and cooling data. The large valve clearances reduced the
knock-limited charge—-air flow of the single—-cylinder enginc as
mich as 26 percent at a fuel-air ratio of 0,065 and 9.5 nercent
at a fuel-air ratio of 0.10. The knock-limited and cooling per-
formance of the einglec-cylinder and malticylinder engines
matched when cold valve clearances were used that gave running
vaive-lift diagrams similar to the static diagrams for the multi-
cylinder enginec. The knock-limited indicatcd mean effective
pressure (fig. 6) for the multicylinder enginc was cstimabed
on the basis of 83-percent mechanical efficiency. That the xnock-
limited charge—air flows matched and the inlet-air pressures did
not should be noted. The difference in temporatures of the
single-cylinder ongine and the multicylinder engine, shown in
figurc 7, would have no great effect on the kncck~limited por-
formances.
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